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Abstract
Increasing post-compulsory participation in science and science-related subjects is
seen as a key education policy priority in England and more widely. This paper uses
descriptive analysis of national data to investigate the effects of science attainment
at 16, gender, socio-economic status, and school science pathway on progression
into post-16 traditional sciences (biology, chemistry and physics) and vocational
science courses in England. Comparisons are also made with progression into non-
science subjects (history, mathematics and psychology). Multi-level statistical
modelling is employed to provide independent estimates for all these effects, whilst
also taking into account mathematics attainment at 16, and whether or not the 14-16
school also teaches to 18.
The key findings of the descriptive analysis are that progression rates vary widely
across post-16 sciences in terms of both gender and socio-economic status, but that
other subjects too vary in these regards. Once prior attainment is accounted for, the
gender differences across science and some other subjects largely remain but those
due to socio-economic status are to some extent ameliorated. In terms of school
science pathways, those students doing ‘more’ science at 14-16 are found to be
more likely to progress to traditional science post-16. The statistical modelling further
1 Dr Matt Homer, School of Education, University of Leeds, LS2 9JT. m.s.homer@leeds.ac.uk
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quantifies the relative importance of each of these effects in determining progression
and shows how, in comparison to other courses, there is more variation at the school
level in progression to vocational sciences. Further, the determinants of participation
in these vocational sciences courses are of a different character to the non-
vocational sciences.
Key words
post-compulsory science participation, national data, multi-level modelling
Introduction
Policy background
Since the introduction of the national curriculum in England in 1988, the study of
elements of the three separate sciences has been compulsory for all students in
state maintained schools. However, once students reach age 16 this is no longer the
case and students remaining in education post-16 can choose whether or not they
include any science subjects as part of the mix of courses they might study. In
England there has been an ongoing concern for many years with the number of
students studying sciences post-16, and this is particularly true of the physical
sciences (Gill & Bell, 2011; Gorard & See, 2009; The Royal Society, 2011). The
concern centres on the view that a strong science base and the adequate supply of
scientist are key determinants of a successful modern economy, one that is able to
successfully compete on the global stage (HM Treasury et al., 2009). 2
2 Concerns about participation in post-compulsory science are far from new (Smith, 2010).
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In part as a response to these long-term concerns, a major reform of the 14-16
science curriculum in England in 2006 stated as one of its key longer term aims to
increase the participation in post-compulsory sciences, thereby ensuring the
adequate supply of scientists and engineers (DfES, 2005; Ryder & Banner, 2010) .
Whilst this reform has a diversity of aims, a key aspect at 14-16 is to engage more
students in doing more science through the inclusion of elements of scientific
literacy, the study of the nature of science, and the inclusion in science lessons of
socio-scientific issues (Banner et al., 2010; Millar, 2006). In the classroom, these
changes promote a move towards more discussion and consideration of ethical
issues, together with a greater understanding of ‘how science works’, and were
intended to make school science more appealing and therefore increase students’
disposition towards science. This in turn might encourage more students to continue
studying science post-16, particularly those from traditionally under-represented sub-
groups (Ryder & Banner, 2010).
In 2008, shortly after the 2006 curriculum reform, a policy of an entitlement to study
the separate sciences (GCSEs3 in biology, chemistry and physics – collectively
known as Triple award) at 14-16 was also introduced for highly achieving students
(HM Treasury et al., 2009; Fairbrother & Dillon, 2009). 4 Again, the aim was to
3 Students take a number of GCSEs (General Certificates of Secondary Education) at age 14-16.
Progression to post-16 courses is often dependent on sufficiently high attainment in particular
GCSEs.
4 From age 14-16 in the final two years of secondary education, studying science in England is
compulsory but students can ‘choose’ one of several different science pathways. For the purposes of
this study, students have been grouped into three categories (Triple science – separate qualifications
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encourage more students to do more science at 14-16, with the expectation that this
could lead to higher participation rates in post-16 sciences. As Fairbrother & Dillon
(2009) point out, there is, however, evidence that for some students doing more
science at 14-16 could have the opposite effect to that intended.
In light of these policy developments, and the relatively high profile that science
education continues to play in the national and political discourse, it is natural to ask
what, according to national data, are the key determinants of whether or not students
continue their science studies post-16. With the first post-2006 cohort having now
completed their two-year post-16 courses, this paper provides a quantitative
snapshot of these determinants. In time, comparisons with later cohorts will provide
insight into if and how these determinants are changing as the system evolves. A
brief survey follows of what is known about these issues from the literature; the full
aims and scope of the paper are then detailed.
Key determinants of post-compulsory science participation
Some important influences on continuing the study of science post-16 are well-
known. The crucial role that prior attainment has on post-compulsory choices is clear
(Rodeiro, 2007). Beyond attainment, there is the varying role of gender, where girls
in biology, chemistry and physics; Dual award science – a combined course of all sciences worth two
GCSEs; and Other – all other science qualifications at 16, including Dual award applied science,
Single award science and some other non-GCSE qualifications). Homer (2011b) has more details of
the nature of these science options at 14-16, and of their take-up over a five year period to 2010.
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are more likely to take up biology A-level compared to boys, whereas they are very
much less likely to take-up A-level physics (Mujtaba & Reiss, In press; Smith,
2011b). Studies have also shown that students from lower socio-economic
backgrounds tend not to choose science post-16 (Gorard & See, 2009) although, this
is to some extent driven by the lower average attainment of students from poorer
backgrounds . In addition, the impact of the nature of the science course studied at
14-16 is also likely to affect post-16 science study. Following the ‘push’ for Triple
award in England, there has been a large increase in the proportion of students
taking this pathway, and a consequent decline in the proportion taking Dual award
(Homer et al., 2011a). Whilst it is probable that students are more likely to continue
studying science post-16 having done Triple award, there has only been only limited
recent work (Broeke, 2010; Gill & Bell, 2011) quantifying some of these effects, and
little investigating vocational science and other non-science courses with regard to
influences on progression.
The focus of this paper is on determinants of participation that are available in
existing national data. There is, of course, a range of literature that considers a wider
array of influential factors that cannot be captured in national data. Research shows
that students vary in their attitudes to school science through a complex set of
interlinked socio-cultural factors including, for example, family background, career
aspirations, and teacher and school cultures (Maltese & Tai, 2010; Archer et al.,
2012). This research indicates that students with more positive experiences of, and
dispositions towards, school science are more likely to continue studying science
post-16. Review articles in this area for post-compulsory science and science-related
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courses include those of Tripney et al. (2010), Wynarczyk & Hale (2011) and Boe et
al. (2011).
This study
This paper uses national data to first investigate descriptively how progression to
post-16 science courses varies by a range of student characteristics: prior science
attainment at 16, gender, measures of socio-economic status and 14-16 science
pathway. In a second analysis, using statistical modelling, these effects are
investigated together, alongside two additional measures: (i) prior attainment in
mathematics, as it is recognised that success in mathematics is commonly seen as
an important precursor to continuation of study in science beyond 16, especially for
physics (Gill & Bell, 2011); and, (ii) if the 14-16 school also teaches up to age 18; this
might, in part, be an important influence on student progression for some courses
(Bennett et al., 2011).
As well as including the three most popular separate sciences A-levels5 in this
progression study (biology, chemistry and physics), attention is also given to two
post-compulsory vocational science courses that are rarely included in academic
studies; Applied science A-level and BTEC National Award Applied Sciences. The
former of these has a focus on how science is applied across a mixture of industries
and professions but, in common with other A-levels, is assessed largely through
formal examinations. The latter is designed as training towards particular scientific
careers, and is assessed through a mixture of criterion referenced tasks including
5 A-levels (more formally the Advanced Level General Certificate of Education) are usually studied for
two years, and admission to university is often dependent upon obtaining sufficiently highly in three or
four A-levels.
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projects, case studies, performance observations and time-constrained
assessments.
To assess the extent to which influences on progression are unique to science, this
study also analyses progression to three other popular non-science subjects – A-
levels in history, mathematics and psychology. These subjects were chosen partly
on the basis of popularity in terms of national uptake in England6, but also because
they vary in terms of when studying them as separate subjects usually begins. At 14-
16 in England, students do not generally study psychology at all, whereas history is
optional at this age but mathematics is compulsory up to 16. Of course, within the
sciences, mathematics as a discipline plays a special role since post-16 students
studying physics, and to a lesser extent chemistry, might also be encouraged or
expected to study some mathematics.
6 Broadly, the total number of entries to mathematics and psychology A-levels each year are similar to
that of chemistry and physics combined.
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The key research questions this paper addresses are:
 What is the degree of differential participation (i.e. stratification) by gender,
socio-economic status and 14-16 science pathway in post-16 science
courses, and how do the non-science courses compare in this regard?
 To what extent is any stratification due to differential prior attainment in
science across sub-groups (e.g. girls, students from lower socio-economic
backgrounds)?
 What are the independent effects of students and school characteristics on
participation in science, and in comparator subjects?
 What are the strengths and weaknesses of this kind of analysis based on
national data?
The paper quantifies the independent influences on post-compulsory participation
across a wide range of science courses, both academic and vocational, and across
select non-science comparators. It complements other more focussed and/or
qualitative research, and aims to give policy makers and other stakeholders a better
understanding of the current national picture, in order to provide new insights into
how policy changes at 14-16 might impact on post-16 participation in science.
Whilst this study investigates progression, it is hoped that a follow-up study will use
similar data to investigate the influences on attainment in science post-16, and in
comparator subjects.
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Methods
National data for England
This study follows a single national cohort of students who completed their
compulsory education in 2008 at age 16. It investigates whether or not they were
then awarded, up to two years later (by 2010), any of the post-compulsory
qualifications listed in Table 1.
Name of qualification Type ofqualification
More details of qualification
types
Science courses
A-levels (formally Advanced
Level General Certificate of
Education) are usually studied
over a two-year period, and
entrance to university is
normally predicated on
sufficiently high achievement in
these qualifications.
Applied A-levels are A-levels
with a vocational emphasis.
BTEC National Awards are
equivalent to A-levels in terms
of academic value, but have a
vocational focus.
Biology A-level
Chemistry A-level
Physics A-level
Applied Science
Applied A-level –a
vocationally
orientated
qualification
BTEC National Award
Applied Sciences
Also vocationally
orientated
Comparator courses
Mathematics A-level
Psychology A-level
History A-level
Table 1: The set of post-compulsory qualifications investigated in this study
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The data for the study is from the National Pupil Database (NPD)7, which contains
student and school level assessment data from all maintained schools and colleges
in England. Data from the NPD has been widely used in academic studies
investigating aspects of participation and attainment in science, and other subjects
(Homer et al., 2011a; Homer et al., 2011b; Noyes, 2009; Gill & Bell, 2011).
The NPD only contains information on qualifications actually awarded rather than
courses started but never completed. Hence, the terms ‘participation’ and
‘completion’ are used synonymously throughout this paper, as are ‘course’ and
‘qualification’. The NPD also contains student personal characteristics (e.g. gender
and free school meal eligibility, an indicator of socio-economic status), and school-
level measures such as the age-range the school/college caters for.
Descriptive analysis
Descriptive statistics detail the percentage participation within each post-16 course
(Table 1) by particular student-level characteristics: gender, free-school meal
eligibility and 14-16 science pathway. This initial analysis reveals the extent to which
these student characteristics impact on national participation rates in the post-
compulsory courses.
Progression to post-16 courses is to an extent predicated upon sufficiently high
attainment at age 16 in relevant 14-16 courses. In an attempt to control for this
7 See http://www.adls.ac.uk/department-for-education/dcsf-npd/ or
http://nationalpupildatabase.wikispaces.com/
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confounding factor, a descriptive analysis parallel to that above is carried out for the
sub-set of students who attained relatively highly in science at 16.
Modelling participation
It is recognised that calculating frequencies and proportions will only take one so far
in terms of understanding the key influences on progression to post-16 courses. For
each of the separate post-16 subjects listed in Table 1, a multi-level modelling
approach (Goldstein, 1995) is used to estimate the independent effect on
participation of each of a set of likely predictors, based on existing research
discussed in the Introduction. These include student-level measures of 14-16
attainment in science, 14-16 science pathway, gender and socio-economic status.
The full set of explanatory variables is listed in Table 2, which also gives further
details of their nature.
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Predictor Type ofvariable Further details
Mean prior attainment
in science at 16
Continuous
Since students can do 1, 2 or 3 science qualifications
(GCSEs) at 14-16 it is rational to use a mean value
across these to ‘score’ them on the same scale - see
Homer (2011b) for more details on this issue. This scale
is 0 (below GCSE) to 58 (mean grade A*) with 6 points
between grades so that mean grade A=52, B=46 and so
on.
Prior attainment in
maths at 16 Continuous
This is the GCSE points score the student achieved in
mathematics. It is on the same scale as the prior
attainment in science score (0 to 58)
Gender Dichotomous The reference group (coded 0) is female so the effect inthe model is for male (1).
Free school meal
eligibility (FSM) Dichotomous
This is a measure of socio-economic status based on
whether the student is eligible and in receipt of free
school meals (coded 1, eligible) or not (0).
Income deprivation
affecting children
index (IDACI)
Continuous
This is a second, distinct, measure of socio-economic
status on a scale from 0.0 to 1.0 indicating the proportion
of children under age 16 in the local area living in low
income households. Lower values of this index relate to
wealthier areas, and higher values to poorer areas.
14-16 science
pathway: Triple
award (TA)
Dichotomous
This indicates whether the student studied the three
separate sciences at 14-16 (coded 1) or not (0). The
reference group is those students who studied Dual
award (DA).
14-16 science
pathway: Other Dichotomous
This indicates whether the student studied something
other than TA or DA at 14-16 (coded 1) or not (0). Again,
the reference group is those students who studied DA.
14-16 school also
teaches up to age 18 Dichotomous
This indicates whether the 14-16 school also provides
post-compulsory education up to age 18 (coded 1 for
yes, and 0 for no).
Table 2: Predictors used in the multi-level logistic regression modelling
The multi-level model employed is a two-level random intercepts logistic regression
model with participation (Yes/No) as the outcome, student at level 1 and 14-16
school at level 2. MLwiN software (J Rasbash, Charlton, et al., 2009) is used for the
estimation, with full model details given in Appendix 1.
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Odds ratios
For each predictor, the modelling produces an odds ratio estimate (Bland & Altman,
2000), from which the importance of the predictor in influencing participation can be
deduced. . An odds ratio of exactly 1 implies that the predictor has no effect on the
outcome (doing or not doing the particular qualification), whereas an odds ratio
greater than 1 implies that cases with higher values of the predictor are more likely to
do the qualification, and an odds ratio less than 1 implies that this is less likely. See
Appendix 2 for more on interpreting odds ratios.
Variation at the school level
The multi-level modelling approach is used to account for the lack of independence
between students in the same school, but, importantly, also provides an estimate of
the proportion of the variance in the outcome (i.e. progression or not for each
course) that is at the school level, once all the predictors have been accounted for.
For each course (i.e. model), this gives an indication of the variation in progression
rates across schools nationally (i.e. the extent to which individual schools vary in this
regard). Hence, one can compare across courses the national ‘school effect’ on
progression.
Formally, this statistic is called the variance partition coefficient (VPC), and for is
calculated as:
݁ܮ ݁ݒ ݈2ܽݒ ݅ݎܽ݊ܿ݁
݁ܮ ݁ݒ ݈2ܽݒ ݅ݎܽ݊ܿ݁ + 3.29
based on a latent variable approach (Goldstein, 1995, p110). Two values of the
VPC are given, one for a simple (null) model that includes no predictors, and
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secondly for the full model when all predictors (Table 2) have been included. These
coefficients give an indication of the importance that schools are making to the
likelihood of participation in each course above and beyond any predictors included
in the modelling.
Limitations of the study
As already alluded to in the introduction, no attitudinal measures are available
national data, and this is an important but unavoidable limitation of this type of
analysis. Maintained schools only.
It is known that ethnicity play a complex role in educational attainment, and in
decisions related to subject choices post-16 (Jones & Elias, 2005; Gorard & See,
2009; Strand, 2011). However, for this study it was decided not to include this
student characteristic, partly for reasons of parsimony, since variations in attainment
by ethnicity are to a degree, but certainly not completely, related to measures of
socio-economic status which are included. The influence of ethnicity on progression
to post-16 science is worthy of a separate study of national data on its own.
Finally, it is recognised that subject choices post-16 are not independent of one
another. In effect, students generally choose subject combinations, not individual
subjects on their own. However, the number of possible combinations of subjects
quickly becomes large when considering national data. To keep the analysis
manageable, this study considers only progression to separate subjects rather than
to combinations, but it is recognised that this is an additional limitation of the study.
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Results
Descriptive analysis
Table 3 shows the number of students completing a selection of post-16
qualifications in England. These include the three main A-level sciences, two
vocational science courses and three popular non-science A-level comparators (see
Table 1). For each course listed, the table also shows the percentage of females and
the percentage eligible for FSM completing each course, as well as a breakdown by
14-16 science pathway. The final two rows of the table give the overall percentages
for two base populations – (i) the combined group of students (n=127,819) who
completed at least one of the post-16 qualifications listed in Table 1, and (ii) the
complete cohort at age 16, the end of compulsory schooling in England (n=606,618).
For each course, this allows for direct comparisons with the make-up of these two
populations.
Page 16 of 43
Post-16 qualification
Total
number
of
students
Percentage within qualification
Female FSM-eligible
14-16 science
pathway
TA DA Other
Science
Biology 37,717 56.7 4.9 38.4 59.4 2.3
Chemistry 27,370 47.3 5.6 45.8 52.5 1.7
Physics 18,691 19.1 3.6 46.8 51.5 1.7
Applied Science 1,554 55.9 7.5 5.0 53.6 41.4
BTEC National Award
Applied Sciences 1,570 54.0 14.4 7.6 56.5 35.9
Comparator
Mathematics 45,571 40.5 4.7 36.9 59.4 3.8
Psychology 42,974 73.9 6.2 16.2 73.3 10.5
History 33,238 51.8 3.8 21.1 70.1 8.8
Overall
Group of students taking
at least one of the above
courses
127,819 53.7 5.2 26.3 66.1 7.6
Full cohort at 16 606,618 48.9 14.0 8.4 54.9 36.7
Table 3: Percentage female, FSM-eligible, from 14-16 science pathway
In terms of gender, Table 3 shows that female students are over-represented in the
majority of courses both in comparison with the 14-16 figure (48.9% female in the
final year of compulsory education) and also within the post-16 group of students
doing at least one of the courses listed (53.7% female in this group). This is
particularly true of biology (56.7%) and psychology (73.9%). In contrast, females are
strongly under-represented in physics (19.1%), and to a lesser extent in mathematics
(40.5%).
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Turning to socio-economic status, FSM-eligible students are strongly under-
represented across the board in comparison with their overall presence at 14-16
(14.0%). Their weakest representation is in physics (3.6%), but they have a stronger
presence in the vocational courses, especially BTEC national award in applied
sciences (14.4%).
Finally, comparing 14-16 science pathways, Triple Award students are strongly
represented across all the traditional (i.e. non-vocational) A-level subjects in
comparison to at 16 (8.4% TA), and as one might expect this is particularly true in
the three sciences (38.4 to 46.8%). Conversely, TA students are relatively weakly
represented in the post-16 vocational courses (5.0 to 7.6%).
Controlling for prior attainment in science
Table 4 presents a similar analysis as in Table 3, but only includes the sub-sample of
students who were ‘highly’ achieving in science at age 16. The criteria for inclusion in
this second analysis is to have obtained at least a (mean) grade of ‘B’ in science -
this is often the minimum requirement for acceptance on to A-level courses. 8 It is
acknowledged that the subsequent descriptive findings are partly conditioned by this
definition of ‘highly’ achieving in science – choosing a different threshold would
impact on the exact figures.
8 So for Triple award students this would include a student who achieved BBB but not BBC, whilst for
Dual award student would only be included if they had at least BB on average.
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Post-16 qualification
Total
number
of
students
Percentage within qualification
Female FSM-eligible
14-16 science
pathway
TA DA Other
Science
Biology 34,626 57.0 4.6 39.2 59.7 1.1
Chemistry 26,035 47.5 5.2 46.6 52.7 0.6
Physics 17,752 19.5 3.5 47.7 51.8 0.5
Applied Science 502 55.2 6.0 4.4 60.2 35.5
BTEC National Award
Applied Sciences 487 54.8 9.0 9.0 52.0 39.0
Comparator
Mathematics 41,311 40.8 4.2 38.8 59.3 1.9
Psychology 26,714 73.4 5.0 19.4 74.2 3.0
History 22,900 53.5 3.0 25.2 70.0 4.8
Overall
Group of students taking at
least one of the above
courses
95,786 51.9 4.2 30.8 65.4 3.8
Full cohort at 16 157,009 51.2 5.2 23.6 68.0 8.5
Table 4: Percentage female, FSM-eligible, from 14-16 pathway (amongst those
achieving mean grade B in science at 16)
To provide additional insight into the impact of taking prior attainment into account,
the figures from Tables 1 and 2 are represented together graphically in Figures 1, 2
and 3 showing the effect for gender, FSM-status, and 14-16 science pathway
respectively.
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Figure 1: Percentage female within course/cohort
At 16 (the end of compulsory schooling), females make up 48.9% of the overall
cohort, but 51.2% of the higher achievers in science at this age. Females are 53.7%
of the group of students who took at least one of the courses listed in Table 1, but
form 51.9% of those who achieved highly in science. These figures imply that girls
are a little more likely than boys to participate in this set of post-16 courses, and that
taking into account prior attainment in science has little overall effect on any gender
effect in terms of progression. Across the individual post-16 courses, it is striking that
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controlling for prior attainment in science consistently makes little difference to the
original variation in female participation rates. Hence, the strong under-
representation in physics and mathematics, and the over-representation in
psychology, remain having accounted for any differential prior attainment in science
by gender.
Figure 2: Percentage FSM-eligible within course/cohort
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In the 14-16 cohort as a whole, 14.0% are FSM-eligible, but this drops to only 5.2%
for the high-science-achieving sub-group at this age. In terms of those going on to
study set of post-16 courses listed in Table 1, 5.2% are FSM-eligible, thus almost
exactly reflecting the proportion of high-science-achieving students at age 16.
Further, only 4.2% of the higher-science-achieving students post-16 are FSM-
eligible. Hence, whilst FSM-eligible students tend to achieve relatively poorly at age
16, they do progress to the set of post-16 courses at a rate similar to their
representation in the population having taken this into account.
At the subject level, a more nuanced picture emerges and whilst under-
representation remains, the strength of the effect is certainly weakened having
controlled for prior attainment. In physics (3.5% FSM-eligible) and history (3.0%)
there remains poor relative representation of FSM-eligible students once prior
attainment is accounted for, but in chemistry (5.2%), and especially the vocational
science courses (6.0 to 9.1%), they are perhaps over-represented. In biology (4.6%)
representation becomes broadly equitable having controlled for science attainment
at age 16, and the same is true of mathematics (4.1%).
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Figure 3: Percentage TA within course/cohort
Triple award (TA) students tend to be high achieving in both science and non –
science subjects (Homer et al., 2011b), and this is made clear when comparing the
TA proportion at age 16 (8.4%) with the TA proportion amongst those who achieved
highly in science at this age (23.6%). Within the post-16 population, 26.3% of
students had followed TA and 30.8% of the high-science achieving sub-group had
also. Hence TA students progress strongly into post-16 courses, and tend to be
amongst the highest (science) achievers at 16.
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At the subject level, as might be expected, representation of TA in the three science
A-levels is strong, particularly for physics (46.8% TA) and chemistry (45.8%), and
accounting for prior attainment makes very little difference to these figures. TA
students are poorly represented in vocational science courses (5.0 to 7.6%), and
again controlling for prior attainment makes little difference. In terms of comparator
subjects, TA students are over-represented in mathematics (36.9%), but are under-
represented in history (21.1%) and psychology (16.2%). Again, accounting for prior
attainment in science makes little difference here.
Modelling participation
Table 5 presents the results (odds ratios) for eight separate multi-level logistic
regression models, predicting participation in each of the qualifications listed in Table
1. 9 As with all regression modelling, the effect of any variable is estimated
independently of any other. Understanding this fact is crucial in accurately
interpreting the findings from the models.
The sample used in each model is 549,834 students in 3,402 schools. There is
missing data for approximately 55,000 students in comparison to the descriptive
analysis reported earlier (n=606,618), largely due to students who had either no
science or mathematics results in the NPD for the relevant year. These are most
likely students who were not entered for any examination in these subjects, and are
hence those towards the bottom of the attainment range. Whilst the issue of this
missing data cannot be ignored, the impact on the veracity of the findings is limited
9 The log(odds ratios) estimates and associated standard errors are given in Appendix 3.
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since these students are very unlikley to progress to any of the courses listed in
Table 1 – in a sense they are outliers who are best considered as a distinct sub-
group.
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Post-16 course
Odds ratios estimates for participation10
Percentage
residual variance at
school level
Mean prior
attainment in
science at 16
Prior
attainment
in maths at
16
Gender:
Male
Measures of socio-
economic status
14-16 science
pathway 14-16 school
teaches to 18
Null (no
predictors)
Full (all
predictors)FSM-
eligible IDACI TA Other
Biology 1.237 1.008 0.652 1.052 1.281 2.550 0.132 1.077 23.8 6.6
Chemistry 1.260 1.068 1.177 1.313 2.702 3.435 0.138 0.963 30.3 11.3
Physics 1.188 1.133 7.683 0.971 1.076 2.275 0.168 1.239 31.7 9.9
Applied Science 1.074 1.007 0.849 0.846 0.824 0.298 2.106 2.020 75.2 69.3
BTEC National Award Applied Sciences 1.068 0.998 0.838 1.107 2.044 0.708 1.094 1.381 78.2 74.1
Mathematics 1.061 1.402 2.368 1.049 1.600 1.370 0.660 1.075 28.4 10.2
Psychology 1.076 1.034 0.292 0.856 0.780 0.715 0.453 0.967 13.9 8.4
History 1.115 1.010 0.924 0.653 0.391 0.778 0.501 1.680 20.5 9.2
Table 5: Odds ratios and residual variance for two-level logistic regression models predicting participation in each post-16 course
10 Odds ratio estimates are significantly different from 1 at 5% level except for those shaded.
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For example, the results for biology are interpreted in detail in Table 6:
Predictor for
participation in
biology A-level
Odds
ratio for
predictor
Effect
size11
Interpretation in terms of participation in biology
A-level
(all other variables held equal)
Mean prior
attainment in
science at 16
1.237 (0.118)
One additional mean point in science attainment at 16
increases the odds ratio by 23.7% - hence, as might be
expected, higher attainment at 14-16 in science implies
a greater likelihood of participating.
Prior attainment in
maths at 16 1.008 (0.004)
One additional point in mathematics attainment at 16
increases the odds ratio by 0.8%. This means that
higher attainment in mathematics tends to increase
participation, although the effect is small.
Gender: Male 0.652 -0.236 The odds ratio is 34.6% lower for males – so males areless likely to participate.
Measures
of socio-
economic
status
FSM-
eligible 1.052 0.028
The odds ratio is 5.2% higher for FSM-eligible students
(but is not statistically significant at the 5% level). In
other words, there is a greater likelihood of FSM-
eligible students participating, but this is not statistically
significant.
IDACI 1.281 (0.137)
A change in IDACI from 0% (no children in poor
households in the area) to 100% (all children are in
poor households in the area) increases odds ratio by
28% - this means that students in more deprived
neighbourhoods are more likely to participate.
14-16
science
pathway
TA 2.550 0.517
Odds ratio is 155.0% higher for TA compared to DA –
so students who did TA are more likely to participate
than those who did DA after having accounted for
(mean) prior attainment in science at 16.
Other 0.132 -1.119
Odds ratio is 87.8% lower for Other compared to DA –
this means that students who did Other courses are
less likely to participate compared to DA.
14-16 school teaches
to 18 1.077 0.041
If the school teaches 16-18 as well as 14-16 then the
odds ratio for participation is 7.7% higher. So students
in such schools are more likely to participate.
Table 6: Interpreting the odds ratios from modelling biology A-level participation
A comparison across courses of the effect of each predictor is as follows:
11 For continuous predictors, the brackets indicate interpretation of effect size is dependent on the underlying
scale of measurement and requires caution.
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 Prior attainment in science – the odds ratios are of the same order of magnitude
for the three science A-levels and history, but for the other courses (vocational
sciences, psychology and mathematics) are not so large, indicating that for these
latter courses prior attainment in science is not as important a predictor of
participation. 12
 Prior attainment in mathematics: Unsurprisingly, mathematics attainment at 16
has its strongest effect in predicting mathematics participation post-16. This is
followed by physics, chemistry and biology. Attainment in mathematics at 16 has no
predictive power in determining participation in either of the post-16 vocational
science courses. For physics, the odds ratios for prior attainment in science and
maths are very similar.
 Gender – the gender ‘bias’ in favour of boys’ participation is strongest in physics,
and then mathematics and chemistry, whereas the ‘bias’ in favour of girls is
strongest in psychology and then biology. In the vocational science courses, there
is a smaller 'bias' in favour of girls.
 Socio-economic status – FSM-eligible students are more likely than their non-
eligible peers to participate in chemistry, but are less likely to participate in
psychology or history. There is an interesting difference between the two vocational
courses, with FSM-eligible students more likely to participate in BTEC national
award science, but less likely to participate in applied science A-level, although both
of these effects are non-significant at the 5% level. Broadly speaking, the odds
12 Note that mathematics attainment at 16 is separately included in the modelling, and this has the effect of
weakening the independent 'science attainment' effect on participation, particularly for physics, since the
correlation with maths attainment at 16 is very high – if mathematics were not included as an explanatory
variable, then prior attainment in science would show a bigger effect, especially for physics.
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ratios for IDACI tell a similar story to that of FSM, with students from poorer areas
less like to participate in psychology and history.
 14-16 science pathway – Compared to Dual award students, Triple award
students are more likely to participate in the three separate sciences and
mathematics, with the strongest effect for chemistry and the weakest for physics
amongst the three traditional sciences. The Triple award ‘effect’ is in the opposite
direction for history and psychology, but is strongest in this regard for applied
science A-level. Correspondingly, the only post-16 courses for which following the
'Other' 14-16 science pathway increases the likelihood of participation are for the
vocational science courses.
 14-16 school teaches to 18 – This predictor has its strongest effect in the two
vocational science courses and for history, followed by physics. In all these cases
being in a school at 14-16 that taught up to 18 increases the likelihood of
participation.
A further comparison within each course indicates that strongest independent predictors of
participation vary as follows:
 biology and chemistry: following Triple award science at age 14-16
 physics, mathematics and psychology: gender – with boys much more likely to
participate in the first two of these, but girls much more likely in the latter.
 applied science – not doing Triple award science at age 14-16, and the school
teaches up to 18
 BTEC national award applied sciences – lower levels of socio-economic status
as measured by the IDACI, and the school teaching up to 18
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 history – higher levels of socio-economic status, and the school teaches up to 18
Finally, Table 5 also includes two values for the percentage of residual variance at the
school level. These figures for the three main sciences courses, mathematics and history
are of the order of 20-30% in the null model, but this decreases to 7 to 11% once all the
predictors are included. 13 So, for these five courses, approximately a quarter of the overall
variance in likelihood to participate can be attributed to schools, but when other factors
(predictors) are accounted for this drops significantly. For psychology, the residual school
variance is relatively small (14% in the null model), which decreases to 8% in the full
model.
Arguably, the most interesting of these figures are those for the vocational courses where
the residual school variance is much higher than for other courses, and does not decrease
significantly once predictors are included. This indicates that there is much more variation
by school in the likelihood to participate in post-16 vocational science courses compared
to the other post-16 courses. In other words, there are schools that tend to encourage
participation to these courses whilst others do not. This is likely to be an ‘availability’ issue
in that a minority of schools offer these courses, whilst the majority do not.
13 One would automatically expect a decrease in the percentage of variance attributable to schools on the
inclusion of additional predictors since, on the inclusion of predictors, a proportion of the difference across
schools is now accounted for at the student level.
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Discussion
Issues of equity
This paper applies descriptive and modelling techniques to national data to investigate
influences on post-16 participation in science and select non-science subjects. A key aim
of the study is to quantify the independent effect that student and school characteristics
might have on participation, and to consider the extent to which known problems in
science participation (for example, underrepresentation of girls and/or students from lower
socio-economic groups in some courses) are, in fact, unique to the sciences. From the
comparator analysis (Table 5), it becomes clear that other subjects too have non-equitable
participation – for example, psychology, where boys are strongly underrepresented. In
terms of socio-economic status, participation in A-level history and psychology appears
particularly inequitable, although this effect might be partially ameliorated if additional
measures of prior attainment (beyond just science and mathematics) are included. It
would need further research to investigate these issues in detail. By contrast, in the
‘traditional’ sciences, the modelling indicates that, provided students from poorer
backgrounds attain sufficiently highly at 16, they do go onto study science in the same
proportions as their more wealthy peers. Of course, the caveat regarding prior attainment
is extremely important since attainment at 16 is closely correlated with socio-economic
status (Gorard & See, 2009).
14-16 pathways
For policy makers, the findings in this paper indicate that students who follow Triple award
at 14-16 are more likely to study sciences post-16, even after accounting for their higher
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average attainment at 16. However, the mix of students studying Triple award is changing
quite quickly over time with more students as a whole, and especially more girls, studying
the separate sciences at 14-16 (Homer et al., 2011a). Broeke (2010) finds that the
entitlement to Triple award had increased post-16 participation in science, particularly for
boys and, importantly, students from lower socio-economic backgrounds. It might be the
case that, however, the positive Triple award ‘effect’ on progression is weakening over
time - this is another area for future research.
Certainly, one could argue that regardless of the apparently beneficial effect that Triple
science might have on progression to post-16 science, the problem of fitting three
separate sciences into an already crowded 14-16 curriculum remains a major challenge in
many schools (Millar, 2011; Fairbrother & Dillon, 2009). As Millar (2011) also points out,
the current policy of having two major and distinct routes into the post-16 sciences (i.e.
Dual award and Triple award) brings other problems for schools to struggle with, when
students in the same class are starting their post-16 studies from different levels.
School effects
One advantage of the multi-level modelling approach is that it provides a national measure
of the variation between schools in influencing progression to post-16 courses. The figures
for the non-applied A-level subjects are all of the order of 10% in this regard (Table 5, final
column). The source of this variation is likely to be across multiple unmeasured factors
including, for example, teacher effects and school policies with regard to course options
and progression. From school effectiveness research it is known that around 5-20% of the
variation in student progress (i.e. value-added attainment) can be attributed to schools
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(Rasbash et al., 2010). The findings in this paper, concerning influences on post-
compulsory participation, are mostly of a similar magnitude (the exception being the
vocational courses, where this effect is much larger). It is important, therefore, to note that
whilst some schools clearly make a difference in terms of encouraging students to
participate in science post-16 (Bennett et al., 2011), the analysis presented here indicates
that the overall difference schools make is limited once a range of student and school
factors (as listed in Table 2) are taken into account.
Vocational pathways
Both the descriptive and the modelling findings indicate that influences on post-16
participation to the two vocational science courses are of a different character to those in
the traditional sciences (Table 5). Attainment in science and mathematics at 16 is not so
important, the 14-16 pathway is generally different (e.g. is not Triple award), and schools
have a greater variation in influencing participation. In addition, according to the
descriptive analysis, students eligible for free school meals are overrepresented in both
vocational courses, particularly the BTEC National award (Figure 2), whilst in the six other
courses in this study such students are underrepresented. This stratification by socio-
economic status holds, though to a lesser extent, even after accounting for differences in
prior attainment in science. The modelling results (Table 5), however, indicate that socio-
economic factors are less important once a range of additional explanatory variables are
included (Table 2). These findings underline some of the tensions in current policy: whilst
the rhetoric is that we want to encourage all students to participate in science post-16, the
courses that actually do this tend to have a lower academic status, and there are
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questions over whether they provide meaningful routes into either employment or further
and higher education (Donnelly, 2009; Woolf, 2011).
Methodological considerations
The modelling approach taken here is different to that of some other studies such as that
of Gill & Bell (2011). Gill & Bell model post-16 participation in A-level physics using as a
population those students studying at least one A-level in any subject. By way of contrast,
the current study is interested in the a priori influences on progression amongst the whole
national population at 16, arguably a more parsimonious approach in the sense of being
less restrictive. The issue of which ‘population’ to choose, and the consequences of such
a choice on model estimates, could prove an interesting area for future work. A second
methodological point relates to the inclusion of two measures of socio-economic status in
the modelling. Whilst there are clear benefits to their both being included, as they do
capture different information (Table 2), the interpretation of the subsequent model
estimates needs to be done carefully. These are independent effects so that the estimate
for each is based on holding the other constant.
Conclusions
Smith (2011a) argues that government educational policy over the last 40 or so years,
including making science participation compulsory at ages 14-16, has had little overall
impact on A-level participation in the science. Nevertheless, at the time of writing (July
2012), school science policy in England is in flux, with the ongoing national curriculum
review, and recent changes to accountability measures working their way through the
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system (DFE, 2010). It is likely that ‘applied’ science routes, already with lower status, will
be squeezed out of 14-16 provision and that the ‘push’ for Triple award will continue.
These changes at 14-16 science could have important impacts on participation in post-16
sciences. For a particular cohort and prior to these policy changes, this paper has
quantified the key determinants of post-16 science participation using national data. This
study is not in a position to refute Smith’s argument about the ineffectiveness of policy, but
future studies, looking for changes in patterns of participation using similar methods, and
comparing their findings to those presented here, might be able to.
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Appendix
1. The two-level random intercepts logistic regression model
For each post-16 course, the binary response is ݕ݆݅ which takes the value 1 if
student i in school j participates in the course, or 0 if not. The probability that ݕ௜௝ = 1
is denoted by is ߨ௜௝ .
With a single explanatory variable, the random intercept model is given, for each
course, by:
0 1
0 0 0
( ) log
1
ij
ij j j ij
ij
j j
Logit x
u

  

 
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
 
In this equation, the intercept 0 j consists of two parts: a constant 0 and a school-
level random effect 0 ju which it assumed follows a normal distribution with mean
zero and variance ߪ௨଴ଶ . Additional explanatory variables are added in the usual
way.
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2. Interpreting odds ratios
Odds ratios are difficult to interpret but for dichotomous variables can be converted
to effect sizes by dividing the log(odds ratio) by 1.81 (Chinn, 2000).14 To aid
interpretation of odds ratios, and following Cohen’s (1988) guidance, Figure 3 allows
conversion between the two:
Figure 4: Conversion of effect size into odds ratio (for
dichotomous predictors)
For example, a ‘moderate’ effect size of 0.3 corresponds to odds ratios of 0.70 or
1.42.
14 For continuous variables, this conversion is more problematic as the scale of the measurement
affects the size of the odds ratio and hence the apparent effect size.
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3. Parameter estimates for the multi-level models
Post-16 course
Fixed parameter estimate (standard error)
Level 2 variance
estimate
(standard error)
Constant
Mean prior
attainment
in science
at 16
Prior
attainment
in maths at
16
Gender
: Male
Measures of
socio-economic
status
14-16 science
pathway
14-16
school
teaches to
18
Null Full
FSM-
eligible IDACI TA Other
Biology -12.683
(0.066)
0.213
(0.002)
0.008
(0.001)
-0.427
(0.014)
0.051
(0.03)
0.248
(0.053)
0.936
(0.018)
-2.026
(0.05)
0.074
(0.024)
1.027
(0.028)
0.234
(0.01)
Chemistry -17.424
(0.096)
0.231
(0.002)
0.066
(0.002)
0.163
(0.017)
0.272
(0.036)
0.994
(0.064)
1.234
(0.022)
-1.984
(0.078)
-0.038
(0.032)
1.428
(0.039)
0.419
(0.017)
Physics -19.045
(0.117)
0.172
(0.003)
0.125
(0.002)
2.039
(0.024)
-0.029
(0.049)
0.073
(0.079)
0.822
(0.025)
-1.786
(0.1)
0.214
(0.034)
1.528
(0.043)
0.362
(0.017)
Applied Science -9.651
(0.212)
0.071
(0.005)
0.007
(0.005)
-0.164
(0.056)
-0.167
(0.105)
-0.194
(0.208)
-1.209
(0.134)
0.745
(0.075)
0.703
(0.121)
9.969
(0.313)
7.412
(0.258)
BTEC National Award Applied Sciences -8.746
(0.2)
0.066
(0.005)
-0.002
(0.005)
-0.177
(0.054)
0.102
(0.088)
0.715
(0.188)
-0.346
(0.098)
0.09
(0.076)
0.323
(0.127)
11.806
(0.354)
9.399
(0.297)
Mathematics -21.85
(0.098)
0.059
(0.002)
0.338
(0.002)
0.862
(0.016)
0.048
(0.034)
0.47
(0.059)
0.315
(0.02)
-0.416
(0.038)
0.072
(0.029)
1.302
(0.035)
0.375
(0.014)
Psychology -6.335
(0.045)
0.073
(0.001)
0.033
(0.001)
-1.231
(0.013)
-0.155
(0.024)
-0.249
(0.045)
-0.335
(0.019)
-0.791
(0.02)
-0.034
(0.024)
0.53
(0.016)
0.301
(0.011)
History -7.981
(0.053)
0.109
(0.001)
0.01
(0.001)
-0.079
(0.013)
-0.426
(0.032)
-0.938
(0.054)
-0.251
(0.02)
-0.691
(0.025)
0.519
(0.027)
0.849
(0.024)
0.332
(0.012)
Table 7: log(odds ratio) parameter estimates and standard errors for the two-level logistic regression models 15
15 All estimates significantly different from zero at the 5% level other than those shaded.
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To minimise bias, these estimates are produced using the 2nd order Penalized Quasi-Likelihood (PQL) procedure where possible,
but for the both vocational science courses convergence problems meant that estimation is only possible using the 1st order
Marginal Quasi-Likelihood (MQL) procedure (Rasbash, Steele, et al., 2009, pp 115).
